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196 The Journal of Thoracic and Cardbjective: Laparoscopic repair of a giant hiatal hernia (50% of the stomach above
he diaphragm) is associated with short-term recurrence rates of 12% to 42%.
ecurrent hiatal hernias often have significantly altered anatomy, making laparo-
copic repair challenging. We hypothesized that increasing intra-abdominal esoph-
geal length by means of Collis wedge gastroplasty, complete fat-pad dissection,
ernia-sac excision, and primary reinforced crural repair would minimize short-term
ecurrence and provide adequate symptomatic relief.
ethods: From January 1, 2001, though May 1, 2005, 61 patients underwent
aparoscopic repair of a giant or recurrent hiatal hernia with a Collis wedge
astroplasty and Nissen fundoplication. Symptomatic outcomes were assessed with
validated questionnaire (Gastroesophageal Reflux Disease Health-Related Quality
f Life). We obtained postoperative radiographic imaging to objectively assess
natomic results at a median of 1.13 years.
esults: Of the 61 patients, 12 (20%) were referred to our institution after previous
epairs. Operating time averaged 308  103 minutes. The median hospital stay was
days. Postoperative complications occurred in 5 (8.2%) patients. One (1.6%)
atient died of cardiac complications. Postoperatively, 52 (85%) patients completed
he questionnaire with mean a Gastroesophageal Reflux Disease Health-Related
uality of Life questionnaire score of 1.15 2.78 (scale, 0-45; 0 asymptomatic).
verall, 51 (98%) of the 52 respondents were satisfied with their surgical outcome.
ostoperative radiographic data were available for 54 (89%) patients. We identified
o recurrences at 1-month follow-up, and only 4.7% (2/42) had evidence of
adiographic recurrence at 1 year or more.
onclusions: Consistent use of a Collis wedge gastroplasty with reinforced crural
epair minimizes short-term recurrence after minimally invasive giant hiatal hernia
epair. Symptomatic results are excellent in most patients.
oday, laparoscopic Nissen fundoplication can be performed with a 0.35%
rate of reoperation for failure.1 However, reports of laparoscopic repair 
giant hiatal and paraesophageal hernias without a Collis gastroplasty have
een disappointing, with short-term recurrence rates ranging from 12% to 422-4
pen repair of giant hiatal and paraesophageal hernias coupled with Collis gastro-
lasty and fundoplication have yielded excellent long-term results, leading some
uthors to advocate an open approach for these patients.5,6
In an effort to minimize the potentially high short-term recurrence rates associ-
ted with laparoscopic repair of giant hiatal hernias, we undertook a systematic
echnical approach to the operation, emphasizing whenever possible the application
f the same methods of an open repair, as delineated by Pearson and collea5,7
ut performed laparoscopically. The purpose of our study was to evaluate our
iovascular Surgery ● November 2006
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G
TShort-term outcomes in patients undergoing laparoscopic
ollis-type wedge gastroplasty and Nissen fundoplication
Collis-Nissen) repair with respect to both the physical
epair and patients’ symptom relief.
aterials and Methods
atients and Statistical Analysis
he Institutional Review Board at the University of Minnesota
pproved this retrospective study. We reviewed charts of all pa-
ients who underwent a minimally invasive Collis-Nissen wedge
astroplasty from January 1, 2001, through May 1, 2005. These
perations were performed on the Thoracic and Foregut Surgery
ervice at the University of Minnesota Medical Center. We gath-
red preoperative information on patient characteristics and their
ymptoms, video barium esophogram (VBE) findings, and
ata on gastric emptying, manometry, pH monitoring, and
sophagogastroduodenoscopy.
After the operation, we evaluated patients’ quantitative symp-
omatic outcome with the validated Gastroesophageal Reflux Dis-
ase Health-Related Quality of Life (GERD-HRQOL) question-
aire (Table E1).8,9 The GERD-HRQOL questionnaire contains 
uestions, with individual scores of 0 to 5 and a composite score
f 0 (best) to 45 (worst). Composite responses to the GERD-
RQOL questionnaire are grouped as excellent (0-5), good (6-10),
air (11-15), and poor (15). Additionally, we obtained a postop-
igure 1. Image from Figure E2 with tension now removed. The
ength of the intra-abdominal esophagus is measured with the
rasper (the grasper end is 2.5 cm in length [inset]). Intra-abdom-
Abbreviations and Acronyms
3-D CT  3-dimensional computed
tomographic scan
EEA  end-to-end anastomosis
EGJ  esophagogastric junction
GERD-HRQOL Gastroesophageal Reflux Disease
Health-Related Quality of Life
GIA  gastrointestinal anastomosis
VBE  video barium esophogramnal esophageal length is inadequate (<2.5 cm).
The Journal of Thoracicigure 2. A, The staple line (white arrows) has been completed
nd brought snuggly to the edge of the dilator (blue arrow). The
ellow arrows point to the wedge of fundus to be resected. B,
ompleted Collis wedge gastroplasty with no tension applied,
emonstrating ample intra-abdominal length (yellow arrow). Line
rawing insets are presented for visualization.10Figure 3. Placement of crural stitches.
and Cardiovascular Surgery ● Volume 132, Number 5 1197
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G
TSrative VBE or 3-dimensional computed tomographic scan (3-D
T) to objectively assess the anatomic results of the repair.
To perform analyses, we used JMP for Windows, version 4.0.4
SAS Institute Inc, Cary, NC). Unless otherwise noted, results are
eported as means  standard deviation (median).
urgical Technique
e placed specific emphasis on meticulous preservation of crural
ntegrity, complete sac excision (Figure E1), routine gastroeso
geal fat-pad dissection (Figures 1 and E2), a totally 
bdominal Collis wedge gastroplasty to augment esophageal
ength (Figures 2 and E3),10 and crural repair with pledgeted 0 
utures in all patients (Figures 3 and E4). For all 61 patien
erformed a totally intra-abdominal Collis wedge gastroplasty
using simplified endoscopic linear gastrointestinal anastomosis
GIA] or, earlier in the series, endoscopic circular end-to-end
nastomosis [EEA] plus linear GIA, stapler techniques) combined
ith a Nissen fundoplication (Figure E5).
esults
emographics
uring our study period, we performed 61 Collis-Nissen
edge gastroplasties (Tables 1 and 2). Of the 61 patien
20%) were referred to our institution after previous at-
empts at repair. The mean time from patients undergoing
he operation and this study being performed was 3  1.11
ears (median, 2.81 years; range, 353 days to 6.01 years).
wo (3.3%) patients experienced minor complications, 2
3.3%) experienced major complications, and 1 (1.6%) died
of myocardial infarction and cardiac arrest). The 2 minor
omplications were a port-site hematoma and a readmission
or bloating. The 2 major complications were a contained
taple-line leak (1.6%), which was successfully managed
onoperatively, and respiratory failure (1.6%), which re-
ulted in a prolonged ventilator course. The overall compli-
ABLE 1. Patient characteristics
rocedure n (% of 61)
Gastrointestinal anastomosis wedge 56 91.8
End-to-end anastomosis wedge 5 8.2
Redo procedure 12 19.7
Conversion to open 1 1.6
athology identified on EGD n (% of 53)
Giant hiatal hernia 62.3
Esophagitis 18 34.0
Barrett’s esophagus 11 20.8
Stricture 11 20.8
Paraesophageal hernia 5 9.4
Wrap breakdown or slipped wrap 4 7.6
atient characteristics n (% of 61)
Female sex 33 54.1
Male sex 28 45.9
GD, Esophagogastroduodenoscopy.ation rate was 8.2%. p
198 The Journal of Thoracic and Cardiovascular Surgery ● Nove
2
reoperative Evaluation
e performed preoperative manometry in 22 patients and
easured lower esophageal sphincter pressure in 17 pa-
ients. The mean lower esophageal sphincter pressure was
3.1  13.8 mm Hg (median, 10.2 mm Hg). We preop-
ratively monitored 24-hour pH in 14 patients: the mean
eMeester score was 95.6  68.9 (median, 83.8). We
ooked at initial VBE findings in 60 (98.4%) of the 61
atients to accurately characterize their pathology. Of the
reoperative VBEs, 14 (23.3%) showed a total intratho-
acic stomach, and 18 (38.3%) showed paraesophageal
iatal hernias. In the cohort there were 12 (19.7%) revi-
ions. Similarly, 53 (86.9%) underwent esophagogas-
roduodenoscopy (Table 1). We obtained a gastric e
ying study to assess motility in 30 (49.2%): 22 (73.3%)
ad normal motility, and 8 (26.7%) had abnormal
otility. Patients’ symptoms are described in detail in
able 3.
ostoperative Evaluation
ostoperatively, we evaluated patients on the basis of the
uestionnaires (Table E1) and the VBE or 3-D CT re
f the 61 patients, 52 (85.3%) completed the questionnaire,
nd 54 (89%) underwent postoperative imaging to assess for
ecurrence.
The mean time between patients undergoing the opera-
ion and completing the questionnaires was 310.1  297.4
ays (median, 199 days). Of the 52 patients who completed
he questionnaires, 51 (98.1%) stated that they were satis-
ed with their operation. The mean GERD-HRQOL score
as 1.15  2.78 (median, 0.0). Only 13 (25%) of the
espondents reported using antacid medication of any sort.
full 96.2% of respondents had GERD-HRQOL composite
cores in the excellent range, and only 1.9% had scores in
he poor range. More than 80% of respondents experienced
xcellent resolution of their heartburn, regurgitation, chest
ain, abdominal pain, and respiratory symptoms (Table
Postoperative imaging evaluation occurred a mean of
.31  1.05 years (median, 1.13 years) after the operation
Figure 4). In all, 54 patients had postoperative radiogra
ata; 15% of all postoperative imaging consisted of 3-D CT,
nd 85% consisted of VBEs. Of those 54 patients, none had
xperienced recurrences per the standard 1-month baseline
ABLE 2. Procedure summary
Mean Median
Standard
Deviation
ge (y) 61.9 62.4 14.7
perative time (min) 308.8 274.5 103.2
stimated blood loss (mL) 52.1 45.0 43.4
ength of stay (d) 5.5 4.0 8.5ostoperative VBE. At 1 year or more postoperatively, 42
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G
TSatients underwent follow-up imaging: 2 (4.7%) had small
symptomatic recurrences, both of which were seen on the
BE at the 2-year follow-up visit. Both of these patients
eported excellent satisfaction and had GERD-HRQOL
omposite scores of 0.
iscussion
lthough laparoscopic Nissen fundoplication is now widely
pplied in the surgical treatment of gastroesophageal reflux
isease, many surgeons are less than sanguine about its use
or repair of giant hiatal hernias because of reports of high
ecurrence rates during short-term analysis. When we began
erforming laparoscopic giant hiatal hernia repair, we
trove to recreate as meticulously as possible the open
echniques of Maziak and colleagues5 and Altorki and as-
ociates,11 both of whom have demonstrated excellent lo
erm outcomes with open repair. This report is an analysis of
ur short-term outcomes in both this group of patients and
n those referred with recurrent hiatal hernias. The majority
f those with recurrent hernias had large intrathoracic re-
urrent hernias.
afety and Symptom Control Efficacy
n our series complications were comparable with those
eported for open repair of giant hiatal hernias. The median
ABLE 3. Preoperative symptoms
ymptoms reported n (% of 61)
eartburn 53 86.9
ysphagia 33 54.1
egurgitation 33 54.1
typical symptoms 39 63.9
espiratory symptoms 14 23.0
hest pain or pressure 11 18.0
bdominal pain 11 18.0
arly satiety 9 14.8
loating 2 3.3
omiting 2 3.3
ABLE 4. Postoperative symptoms and GERD-HRQOL ques
Excellent (%) Goo
ymptoms reported
Heartburn 88.5
Dysphagia 73.1 2
Regurgitation 92.3
Chest pain 96.2
Abdominal pain 78.9 1
Respiratory symptoms 94.2
Bloating 73.1 2
Diarrhea 76.9 1
Early satiety 55.8 2
GERD-HRQOL 96.2ome patients reported more than 1 symptom. GERD-HRQOL, Gastroesophagea
The Journal of Thoracicge of our patients at the time of operation was 62.4 years.
ur incidence of death, 1.6%, was comparable with that
eported for both open (1.7% to 1.86%)3,6 and minimally
nvasive (0.5% to 5.4%)2,9 approaches. Our incidence o
espiratory failure, 1.6%, was also similar to that reported
or both open and minimally invasive approaches.12 Our
ncidence of esophageal leak, 1.6%, was on the low range of
hat reported for minimally invasive approaches (0.6% to
.4%).2,9,12 Thus, our results demonstrate that laparoscop
iant hiatal hernia repair can be performed safely, with
inimal morbidity and mortality.
Historically, patients with giant hiatal hernias typically
resent with gastroesophageal reflux disease; obstructive
ymptoms, including heartburn (60% to 87%), dysphagia
43% to 73%), regurgitation (47%), either chest or epigas-
ric pain (20% to 47%), or dyspnea (37%), or both.9,13-17
ur study echoes these symptomatic indications virtually
xactly.
Although indications and symptoms preoperatively have
een well described, the postoperative quantification is
Figure 4. Histogram of postoperative imaging: chronologic break-
down of postoperative imaging of all patients.
aire scores
) Fair (%) Poor (%) Total (%)
3.9 0.0 100.0
5.8 0.0 100.0
0.0 0.0 100.0
0.0 1.9 100.0
1.9 1.9 100.0
1.9 0.0 100.0
1.9 3.9 100.0
0.0 9.6 100.0
11.5 11.5 100.0
0.0 1.9 100.0ltionn
d (%
7.7
1.2
7.7
1.9
7.3
3.9
1.2
3.2
1.2
1.9Reflux Disease Health-Related Quality of Life questionnaire.
and Cardiovascular Surgery ● Volume 132, Number 5 1199
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G
TSore difficult. The GERD-HRQOL questionnaire is an ob-
ective way to gain quantitative comparable data of patients’
ubjective symptomatic results.8,9,15 Luketich and cowork-
rs15 reported a mean postoperative GERD-HRQOL co-
osite score of 2.3. In a follow-up series, Pierre and col-
eagues9 reported that 56% of their patients underw
ollis gastroplasties, 84% of whom had “excellent” results,
er their composite GERD-HRQOL score. Our results were
imilar. Of our patients who underwent Collis-Nissen
edge gastroplasties, the mean GERD-HRQOL composite
core was 1.15. A full 96.2% of our patients had composite
cores in the “excellent” range, and an additional 1.9% had
omposite scores in the “good” range. In all, 70% to 90% of
ur patients reported “excellent” results for most of their
ostoperative symptoms; only 1 patient was unsatisfied with
he operation.
ecurrence Rates
raditionally, repairs of giant hiatal and paraesophageal
ernias have been performed by means of laparotomy or
horacotomy. Recurrence rates after open repair range from
nknown18 to 1% to 2%11,19 to 11%.20 In these studie
ecurrence was determined by means of patient or chart
nterview and not by objective means. Maziak and col-
eagues5 provided the first large series of repairs with l
erm objective assessment for recurrence with VBE. In their
eries of 75 patients undergoing transthoracic Collis-Belsey
epairs, there were no radiographic recurrences, whereas in
5 who underwent only Belsey fundoplication without Col-
is gastroplasty, the recurrence rate was 2 (13%) of 15,
uggesting the need for liberal use of Collis gastroplasty.
his study has set a benchmark for future outcome studies
f giant hiatal hernia repair. Patel and associates6 have
eported the largest series of transthoracic repair of giant
iatal hernia using a Collis gastroplasty with an antireflux
rocedure in 96% of 240 patients. These authors also pro-
ide long-term follow-up, including VBE, and report a
ecurrence rate of 12.4%.
It is possible to obtain excellent long-term results with-
ut the use of a Collis gastroplasty. Altorki and cowork11
eported a series of 42 patients undergoing Belsey or Nissen
undoplication without Collis gastroplasty. The recurrence
as 2 (4.8%) of 42; however, this was based only on
ymptomatic and not objective follow-up. Unique to these
uthors’ technique was the use of extensive esophageal
obilization from the hiatus to the aortic arch, with division
f the middle esophageal artery and occasionally the left
nferior bronchial artery and the pulmonary branches of the
eft vagus nerve, allowing them to avoid the use of Collis
astroplasty. In general, in series of open repairs with a
ollis gastroplasty, the hernia recurrence rate is 0% to
2.4%,5,6 and without a Collis gastroplasty, it is 4.8%
5%.3,11
200 The Journal of Thoracic and Cardiovascular Surgery ● NovIn some series laparoscopic giant hiatal hernia repair has
hown alarmingly high short-term recurrence rates, ranging
rom 12.9 to 42%.2-4 Hashemi and colleagues3 found recur-
ence in 12 (42%) of 41 patients undergoing routine post-
perative VBE. Dahlberg and associates2 found a recur-
ence rate of 12.9%, discovered on the basis of recurrent
ymptoms without the use of routine postoperative VBE. In
either of these series was Collis gastroplasty used rou-
inely. Not all authors have experienced such high rates of
hort-term recurrence. In the series from Pierre and cowork-
rs,9 5 (2.5%) of 200 patients undergoing laparoscopic
epair required reoperation, although routine postoperative
arium esophograms were not reported. It would appear that
linical evidence of short-term recurrence is within 2.5% to
2%, whereas occult radiographic recurrence might be as
igh as 42%. Although these radiographically occult recur-
ences might be asymptomatic, we are concerned that de-
pite their lack of symptoms, they portend a high and likely
ymptomatic long-term clinical recurrence.
Our short-term anatomic recurrence rate of 4.7% com-
ares favorably with that of open repairs; however, longer
ollow-up is still required.
echnical Aspects
ndoubtedly, as with an open repair, the key to improving
esults of laparoscopic repair is careful attention to opera-
ive detail. Because of the size, recurrent nature, or both of
hese hernias, the complexity of the operation can be sig-
ificant, and it can be quite easy for a less experienced
urgeon to get lost. We follow a standard series of steps in
he performance of laparoscopic giant hiatal hernia repair
in patients without previous operations), which markedly
ugments the conduct of the repair. Our technique focuses
n the following steps:
1. Hernia reduction and complete sac excision. The
hernia sac is grasped at its apex, inverted by pulling
inferiorly, and then opened circumferentially superior
to the crura (Figure E1). This allows immediate
duction of the hernia with simple exposure of the
mediastinum, which is enhanced by the CO2 insuf-
flation. Generally, it is not necessary to grasp the
stomach in an effort to reduce it. By opening the
hernia sac superior to the crura, the integrity of the
crura and overlying peritoneum are preserved, ensur-
ing the best possible tissues for crural reconstruction.
This mimics the open repair performed by means of
thoracotomy, whence crural integrity is maintained.
2. Mediastinal circumferential esophageal dissection to
10 cm or more. Although an excellent degree of
esophageal mobilization can be achieved laparo-
scopically, in most cases it does not approximate that
of the open thoracotomy, particularly the technique
of Altorki and coworkers.11
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G
TS3. Complete circumferential paraesophageal fat-pad
dissection (Figure E2). By dissecting the fat pad 
the associated vagus nerves) circumferentially about
the esophagogastric junction (EGJ), the EGJ can be
clearly identified. Also, circumferential dissection al-
lows placement of the wrap within the fat-pad dis-
section, adding a further barrier to recurrent hernia-
tion. Theoretically, the circumferential highly
selective vagotomy that is naturally a part of the
fat-pad dissection might help prevent local acid pro-
duction, a concern raised by some authors.4,14
4. Assessment of the position of the EGJ location 
ures 1 and E2). By holding the fundus to the pat
left upper quadrant and bringing the EGJ toward the
anterior apex of the crural aperture, a determination
of esophageal length can be made. This length is
measured with known points on a laparoscopic
grasper. When the intra-abdominal esophageal length
is found to be less than 2.5 cm, a Collis wedge
gastroplasty is performed over a 48F bougie (Fig
2 and E3).
5. Crural closure with pledgeted 0 silk sutures with SH
needles (Figures 3 and E4). We prefer these stit
over automatic or assisted sewing devices because
the SH needle allows deep and wide bites under
direct vision.
6. Performance of a 3-stitch Nissen fundoplication with
the wrap placed within the fat-pad dissection and
performed over a 52F bougie (Figure E5).
Of note, our initial 5 gastroplasties were performed with
EA; however, we then changed to wedge gastroplasty
sing the linear endo-GIA. We were concerned about EEA
eak with no circumferential purse-string suture application;
n addition, the GIA approach is technically less challeng-
ng, faster, and uses the already available ports without any
nlargement. These 2 concerns have been noted
lsewhere.21
otential Drawbacks
here are several areas of potential concern with this sur-
ical approach: bougie exchange, gastroplasty length, sur-
eillance of Barrett’s esophagus, and the use of postopera-
ive antacids.
The reintroduction of the second larger bougie can po-
entially disrupt the gastroplasty staple line. The angle of the
tapler and stapler geometry create a neoesophagus with a
iameter a few millimeters larger than that of the 48F
ougie.5,21,22 The reintroduction of a 52F bougie permi
undoplication of appropriate size and is described in the
pen literature as well23-26; however, the passage needs 
e performed under direct visualization, with appropriate
aparoscopic retraction and with awareness of any undue
esistance.
The Journal of Thoracic-
s
Typically, the maximal length of the wedge gastroplasty
as been less than 5 cm. A transthoracic dissection to
aximize esophageal mobilization and minimize gastro-
lasty length should be strongly considered if a gastroplasty
f longer than 5 cm will be required.
Surveillance monitoring of patients with Barrett’s meta-
lasia is more challenging after a fundoplication27,28; how-
ver, it should still be done and performed following con-
ensus guidelines (4-quadrant biopsies at 1 cm spacing29
n this series the distance of the original squamocolumnar
unction was recorded and used for estimation at repeat
ndoscopy.
A significant percentage of patients in this series and in
reviously published reports restart antacid medications
ostoperatively. This is often done for nonreflux symptoms
r without objective evidence of abnormal distal esophageal
cid exposure. Probing questions into symptoms and ob-
aining objective data can elucidate those who truly need
cid suppression postoperatively.
onclusions
aparoscopic repair of giant and recurrent hiatal hernias can
e performed safely and with excellent short-term results.
eticulous attention to a standard sequence of operative
aneuvers and principles allows close approximation of the
pen technique of repair. Objective anatomic radiographic
maging and symptomatic evaluations (GERD-HRQOL
uestionnaire) are keys to assessment of results. Liberal
pplication of a Collis wedge gastroplasty might play a role
n the lower short-term recurrence rates of this series.
We thank Mary Knatterud, PhD, for her expert editorial assis-
ance with this manuscript.
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G
TSFigure E1. A and B, The grasper reaches into the hernia sac and
everts it. C, The sac is incised superior to the crura to preserve
crural peritoneal lining and to start mediastinal dissection. The
pneumoperitoneum aids with the dissection.
Figure E2. The gastroesophageal junction (yellow arrow) is at th
level of the hiatus after extensive mediastinal mobilization an
dissection of the paraesophageal fat pad (image shown und
tension). The blue line delineates the area originally covered
the fat pad.The Journal of Thoracic and Ce
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G
TSure E3. A, The fundus is now retracted inferiorly and to the
ient’s left side (yellow arrow). The blue arrow shows the
gnment of the dilator along the lesser curvature. The stapler is
roduced through a left upper quadrant port. B, The gastric
dge (yellow arrows) is transected with a stapler from the right
er quadrant. The staple line has to be fit snuggly against the
ator (blue arrow). Line drawing insets are presented for
ualization.10
Figure E4. Completed crural repair.
Figure E5. Completed Nissen fundoplication.
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TSTABLE E1. GERD-HRQOL questionnaire8,9 and symptom assessment questionnaire
Answer scale:
0  No symptoms
1  Symptoms noticeable but not bothersome
2  Symptoms noticeable and bothersome but not every day
3  Symptoms bothersome every day
4  Symptoms affect daily activities
5  Symptoms are incapacitating: unable to do daily activities
Question
How bad is the heartburn? 0 1 2 3 4
Heartburn when lying down? 0 1 2 3 4
Heartburn when standing up? 0 1 2 3 4
Heartburn after meals? 0 1 2 3 4
Does heartburn change diet? 0 1 2 3 4
Does heartburn wake you from your sleep? 0 1 2 3 4
Do you have difficulty swallowing? 0 1 2 3 4
Do you have pain with swallowing? 0 1 2 3 4
If you take medication, does this affect your daily life? 0 1 2 3 4
Are you satisfied with your present condition? Satisfied/dissatisfied
Answer scale:
0  Excellent outcome: no symptoms present
1  Good outcome: symptoms present but mild
2  Fair outcome: symptoms present but controlled with medications or nonsurgical interventions
3  Poor outcome: symptoms unimproved or worse
Symptom
Heartburn 0 1 2 3
Difficultly swallowing (dysphagia) 0 1 2 3
Regurgitation 0 1 2 3
Chest pain 0 1 2 3
Abdominal pain 0 1 2 3
Respiratory symptoms 0 1 2 3
Bloating 0 1 2 3
Diarrhea 0 1 2 3
Feeling full early in your meal (early satiety) 0 1 2 3
GERD-HRQOL, Gastroesophageal Reflux Disease Health-Related Quality of Life questionnaire.5
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